Abstract. It has been argued long ago that η b could be observed through the η b → J/ψ(→ µ + µ − )J/ψ(→ µ + µ − ) decay chain. Recent calculations indicate that the width of η b into two J/ψ is almost three order of magnitude smaller than the one into the DD * . We study the effects of final state interactions due to the DD * intermediate state on the J/ψ J/ψ final state. We find that the inclusion of this contribution may enhance the short distance branching ratio of about two orders of magnitude.
About thirty years after the discovery of the ϒ(1S) [1] , no pseudoscalar bb states have been discovered. The experimental search of η b has been done at CLEO [2] , LEP [3, 4, 5] and CDF by using different decay processes. In the following we will focus our attention on the η b → J/ψ J/ψ decay process to discover η b and we will report the results obtained in [6] .
Six years ago the authors of ref. [7] encouraged by the large observed width of η c → φ φ suggested to observe η b through the η b → J/ψ J/ψ decay process. By using the measured branching ratio of η c → φ φ and scaling laws with heavy quark masses the authors of ref. [7] obtained
Following this suggestion, CDF Collaboration has searched for the η b → J/ψ J/ψ → 4µ events in the full Run I data sample [8] . In the search window, where a background of 1.8 events is expected, a set of seven events are seen. This result seems confirm the predictions in eq. (1). Recently, Maltoni and Polosa [9] criticize the scaling procedure adopted in ref. [7] whose validity should reside only in the domain of perturbative QCD. The non perturbative effects, which are dominant in η c → φ φ , as a consequence of its large branching fraction, cannot be rescaled by the same factor of the perturbative ones. In [9] , to obtain an upper limit on Br[η b → J/ψ J/ψ], the authors evaluated the inclusive decay rate of η b to 4-charm states obtaining
which is even smaller than the lower limit on Br[η b → J/ψ J/ψ] estimated in ref. [7] .
Very recently Jia [10] have performed an explicit calculation of the same exclusive η b → J/ψ J/ψ decay process in the framework of color-singlet model
which is three order of magnitude smaller than the inclusive result in [9] . The result in eq. (3) indicates that the cluster reported by CDF [8] is extremely unlikely to be associated with η b . Moreover, the potential of discovering η b through this decay mode is hopeless even in Tevatron Run II. Another interesting decay channel to observe η b , η b → D ( * ) D * , has been proposed in [9] where the range 10 −3 < Br[η b → DD * ] < 10 −2 was predicted. Finally in ref. [10] by doing reasonable physical considerations the author estimated
which are at odds with the ones obtained in [9] . We study the η b → J/ψ J/ψ by assuming that a) the branching ratio
and we will consider the effect of DD * → J/ψ J/ψ rescattering (cfr figure 1) . This process should dominate the long distance contribution to the decay under analysis due to the large coupling of J/ψ to D ( * ) D * state (cfr later) and the potentially large coupling of η b to DD * state [9] . In particular we estimate the absorbitive part of the diagram in fig. 1 and we will neglect the dispersive contribution. To evaluate the contribution we need the numerical values of the (on-shell) strong couplings g JDD , g JDD * and g JD * D * . 1 We take the results 1 We use dimensionless strong couplings in all cases. In particular our g JDD * /m J/ψ corresponds to g JDD * (GeV −1 ) more used in literature. coming from QCD Sum Rules [11] , the Constituent Quark Meson model [12] and a relativistic quark model [13] which are compatible each other: (g JDD , g JDD * , g JD * D * )= (6, 12, 6). To take into account the off-shellness of the exchanged D ( * ) mesons in fig. 1 we have introduced the t−dependance of the couplings by means of the function
which satisfy QCD counting rules. In the numerical calculations the unknown parameter Λ is allowed to vary in the range 2.0 ÷ 2.4 GeV. Moreover, we neglect the D − D * mass difference, m D = m D * ≈ 1.9 GeV. The full amplitude for η b → J/ψ J/ψ process can be written as
A LD (6) where A LD represents the long-distance absorbitive contribution. The effective couplings g η b DD * and g η b JJ defined by
and the ratio in eq. (6) is obtained in terms of theoretical estimation of the
This allow us to predict the ratio between the long distance and short distance amplitude of the η b → J/ψ J/ψ decay process. In fig. 2 the imaginary part of the amplitude,
, is plotted as a function of Λ for the upper and lower bounds on the couplings ratio. Looking at the figure we see that the long distance contribution coming from the graphs in fig. 1 is about ten times larger than the short distance amplitude. It easy to show that, starting from the central value in eq. (3), we predict the branching ratio in the range (3.6 × 10 −8 ÷ 5.0 × 10 −6 ), where the lower bound corresponds to zero contribution from long distance and the upper bound is obtained for Λ = 2.4 GeV and g η b DD * /g η b JJ ≈ 40. Moreover, it should be observed that larger values of Λ imply larger value of r. On the other hand, Λ should be not far from the physical mass of the exchanged particle, the D ( * ) meson. To be specific, in an analysis on the non-leptonic two body decays of B mesons taking into account final state interaction with analogous graphs Λ ≈ 2.4 GeV [16] . This value should represents an upper limit because of the larger mass in the s−channel for η b decay. As far as the number of events in full Tevatron Run I data (100 pb −1 ) is concerned, one should take into account the Br[J/ψ → µ + µ − ] ≈ 6% [17] and the total cross section for η b production at Tevatron energy, σ tot (η b ) = 2.5 µb [9] obtaining between 0.03 and 5 produced η b , where the range is due to the allowed range for Br(η b → J/ψ J/ψ) . This is compatible with the experimental data from CDF Collaboration on the Run I dataset [8] . However, preliminary results from CDF Collaboration Run II data at 1.1 fb −1 [18] seems to be at odds with the previous findings. In fact, in the mass search window only 3 events has been observed. We are looking forward for the publication of the final results for a comparison.
In conclusion, due to the large width of η b into DD * final state, we have shown that the effects of final state interactions, i. e. the rescattering DD * → J/ψ J/ψ, may increase the Br[η b → 4µ] of about two orders of magnitude. This result supports the experimental search of η b by looking at its decay into J/ψ J/ψ, which has very clean signature.
